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ABSTRACT

In financial planning, customers are typically comted with choosing a
premium payment scheme when investing in a mutuadl,f which is often
equipped with an investment guarantee to providevndale protection.
Guarantee costs may thereby also be charged diffgerdepending on the
provider. In this paper, we investigate the impafttthe premium payment
method on different performance measures for a ahfitlimd with an investment
guarantee. We compare a fund with annual and upfs@miums as well as
constant guarantee costs versus the guaranteegsrige annual percentage fee
of the fund value, always ensuring that the presahte of premium payments
is the same for all product variants. We furtherdgtthe relevance of the
guarantee level and the contract term. Our resuitphasize that even though
the present value of premiums paid into the cohtimt¢he same, the type of
premium (upfront versus annual) as well as the tyfjpguarantee cost (upfront
versus annual fee) have a considerable impacteopdtformance. Providers can
thus make a product more attractive for consumgiiadividually adjusting the
premium scheme depending on their preferences gndaking the resulting
risk-return-profile transparent, while keeping tbéher contract characteristics
unchanged (e.g. extent of the guarantee).

Keywords:Investment guarantees, mutual fund, risk-returtfilpsy guarantee costs, performance

measures

1.INTRODUCTION

In recent years, mutual funds and unit-linked iifeurance products with investment guarantees
have become increasingly important in the bankimgdjiasurance industry, especially against the
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background of the demographic development and gédfovisions. The maturity payoff of
these products mainly depends on the riskineseeotihderlying fund and the type of guarantee
included and has been subject to considerable radsa@a the past. In particular, risk-return
profiles of different products are regularly comgzhwith the intention to provide information for
customers when making financial decision. In trapgr, we extend previous work by analyzing
the relevance of the premium payment method foeratise fixed contract characteristics and
show how this can substantially impact the termpejoff distribution, which is important for
customers with different risk-return preferences.

Asset guarantees in unit-linked life insurance potsl were first analyzed in Brennan and
Schwartz (1976) and Boyle and Schwartz (1977)héndontext of equity-indexed annuities and
thus perpetual American options, Gerber and Shd®@3B) focus on dynamic fund protection,
while Lachance and Mitchell (2003) and Kling, Ruasgd Schmeiser (2006) examine the pricing
of interest-rate guarantees in government-subsidigension products in a Black-Scholes
framework. Boyle and Tian (2009) derive optimalgraeters of equity-indexed annuities based
on the maximization of an investor’s expected wytilWith focus on the pricing and performance
of mutual funds with guarantees, Gatzert and Scéengi2009) compare the risk and return
profiles of mutual funds with a lookback guaranteel an interest-rate guarantee and further
show that the underlying fund’s investment stratbgg a considerable impact on the results by
contrasting a conventional fund with a constantpprton portfolio insurance managed fund.
Graf, Kling, and Russ (2011) also derive risk-retyrofiles based on the terminal payoff
distributions for different unit- and equity-linkemtoducts with and without guarantees, thereby
also comparing the case of annual and single pramidhey point out that this approach is
preferable to sample illustrations and historicackiesting when providing information for
potential customers. Gatzert, Huber, and Schme{8810) take a behavioral insurance
perspective and examine customer’s willingnessatp fpr investment guarantees in unit-linked
life insurance product based on an empirical syrwéyle Huber, Gatzert, and Schmeiser (2011)
investigate in an experimental study whether diféforms of price presentations will influence
consumers’ choice to purchase an investment gueanta unit-linked life insurance contract.
Their results indicate that — contrary to typicahsumer goods — different price presentation

! For instance, the share of unit-linked productstdtal European life insurance premium volume

increased from 36% in 2009 (drop from 42% followiting financial crisis) to about 40% in 2010
(CEA, 2012, p. 3).



does not show statistically significant effects,t ibat other factors such as consumers’
experience with insurance or investment productsoosumers’ price perception of the product
were significant predictors for explaining the tmlaship between the price presentation and
consumer evaluation. However, in their analysisufois not laid on presenting or analyzing risk-
return profiles of these product variants.

Hence, in this paper we extend previous work byi§ipally focusing on the impact of different
premium payment schemes with respect to savingsipnes and guarantee cdst:n risk and
return of a mutual fund witbtherwisegivencontract characteristics such as the underlying fu
strategy and the investment guarantee, as the pmensicheme itself can already have a
considerable impact on the terminal payoff distiidru and thus risk-return profiles. In addition,
such an analysis can provide important informafeyrconsumers and providers in designing and
choosing attractive products by simply adjusting pinemium scheme (if possible) instead of or
in addition to changing other product features.r&fore, the aim of this paper is to investigate
this issue in more depth by comparing the impacargiual versus upfront savings premiums
invested in the mutual fund as well as the efféaamstant upfront guarantee costs that have to
be paid in addition to the savings premium verblesguarantee price as an annual percentage fee
subtracted from the fund value, which is often @tk in practice. To ensure comparability
between the different cases considered, all prostagants have identical present values of
premium payments and the same input parameters.

In a simulation analysis, we first calibrate guaeanlevels to imply the same costs for the
different premium payment strategies. Second, tadopmance of the product variants with

different premium payment strategies is contrasteeqsured with the Sharpe ratio, the Omega,
and the Sortino ratio. This way, insight for prasisl and customers with different risk-return

preferences regarding the terminal payoff distidoutis provided. We further investigate the

impact of the guarantee level and the contract.tdiine analysis shows that even though the
value of premiums paid into the contract is thees&on all product variations, the type of savings
premium (upfront versus annual) as well as the antee cost presentations (upfront versus
annual fee) already has a considerable impactepeahformance.

2 The notion “savings premium” refers to the pdrthe total premium paid by the customer invested i

the mutual fund, whereas the “guarantee costst tefthe part of the total premium that has to &iel p
in addition to the “savings premium” and is usedHy provider to secure the guarantee.



Thus, in contrast to, e.g., Gatzert and Schmei2@@9) or Graf, Kling, and Russ (2011), we
specifically focus on the premium payment methotddamdy with respect to the savings premium,
but also in regard to guarantee costs and thenefiyre comparability by fixing the present value
of premium payments. We further look at performamaasures that account for different risk-
return preferences. Our results emphasize thaegard to risk-return profiles and customer
preferences, it is not only the underlying funditgtgy or the type of guarantee included that has
an impact on the terminal payoff distribution, Ibkiat for given contract characteristics, strong
differences in performance and risk already aridg due to the type of premium payment. This
is true even if the present value of premiums aalties of the guarantee from the provider’s
perspective remains unchanged. Therefore, the prempayment scheme may make a
considerable difference in the attractiveness ef gloduct from a customer’s perspective, and
providers may increase the attractiveness of ayatody individually adjusting the type of
premium payment for each consumer depending oorhier risk-return and premium payment
preferences.

The remainder of the paper is organized as foll@&extion 2 introduces the model of a mutual
fund product with investment guarantee includingcipg and performance measurement.
Numerical results are presented in Section 3 antdd®e4 summarizes the main results.

2.MODELING THE MUTUAL FUND WITH INVESTMENT GUARANTEES

The underlying mutual fund

In regard to the underlying mutual fund, we mod® wnit priceS at timet assuming a
geometric Brownian motion (GBM)We only focus on the financial part and do notsider
early surrender or death, whereby the latter cam&@red against by purchasing an additional
term life insurance. The geometric Brownian mottam be described by the following stochastic
differential equation under the objective measire

dS = $(u dt-o dy,

® As an alternative, the Heston (1993) model wititisastic variance can be implemented, for instance



with & = §0), a constant drift, volatility o, and a standarg -Brownian motion(VV) with 0<t

< T on a probability spac€) F, P ), where (), 0<t <T, denotes the filtration generated by the
Brownian motion. The solution of the stochastidet#ntial equation is given by (see, e.g., Bjork,
2004)

S=5, Déu—azlz)+a(m4—w,1) — §1D(é—az/2)+az = SO.F

where Z are independent standard normally distributed eandariables. Hence, the continuous
one-period returnr, =In(R,) is normally distributed with an expected valuerof y-o? /2
and standard deviatiom

Assumptions on savings premium payments

In the following analysis, we distinguish the typepremium paid into the mutual fund in the
beginning of each year, and start with a given tomsannual savings premiuf"™*. We then
compare this case to a single upfront savings premP:"™" by calculating the sum of
premium payments, discounted with the risklesg@sterater,

T-1
upfront _ S nnual
RPN =" e R,
t=0

which is hence equivalent to the annual premiumts in terms of the present value. The
calculation thus assumes that both, the annuatredpfront premium scheme, imply the same
maturity payoff if they are invested risk-free,.iiepremiums are compounded with the riskless
interest rate until maturity, which is then compared to the case when investiegapital in the
risky mutual fund. In particular, depending on tiee of premium payment, the total fund value
develops according to

Fti = ( Ftl_l + pé,t—l) GSS_' | =annual, upfron, W

-1

where P = P t=0,...,T— 1, and RF™" = Ry PP™"=0,t= 1. Thus, at timeT, the

fund value amounts to



T-1
FTannuaI — Psannualii an d FTupfront - Psupfront[ﬁ )
S

t=0

The terminal fund value depends on the developroeat time and on future conditions in the
financial market, but also on the type of premiuayrpent method and assumptions with respect
to the capital market model. Thus, the terminatgadf the investment can fall below a critical
value (e.g., the sum of gross premium payments).

Introducing and evaluating an investment guarantee

To prevent such a default situation for the custpmautual funds and also unit-linked life
insurance contracts are often equipped with a gteeaproviding a minimum payor of the
investment at maturityl (see, e.g., Gatzert and Schmeiser, 2009). In tlesepce of an
investment guarantee, the customer’s terminal galyotonsists of the maximum of the value of
the investment in the underlying fund and the figedranteed payme@, i.e.,

L = max(FTi G'T) =F + ma>(GT— F. () j = annual upfront saving, 2)

and can thus be written as the value of the unitherlgssets plus a put option on this value with
strike priceG; . Without guarantee, the terminal payoff is givenlh = F;.

To evaluate the guarantee, we use risk-neutraktialu Under the risk-neutral pricing measure
Q (see Harrison and Kreps, 1979), the drift of th& price process changes to the riskless rate
of returnr. In case of the geometric Brownian motion, thecpss is thus given by

d§ = §( rdt- o dvf),

whereW? is a standard) -Brownian motion.

The value of the investment guarantee at tinrse0O is then given by the expected value of the
payoffs under the risk-neutral measge discounted with the riskless interest rat&he cost of
the investment guarantee is the price of a Eurogedanoption on the mutual fund value at



maturity with strike priceGr (see Equation (2)). Thus, the single upfront premifor the
guaranteePci;’tzo, which has to be paid in addition to the savingsypum at time 0, is given by

P E@(e‘rT (nax( G - B ()) ,i= upfront, annual savin 3)

and depends on the type of savings premium. Clémed-solutions can be derived in special
cases (e.g., single upfront savings premium andng&e Brownian motion). In general and due
to path-dependencies, the value of the guarantéienatzero must typically be derived using,
e.g., numerical approximations or simulation teghes.

Alternatively, guarantee costs can be charged nsief an annual percentage teef the fund
value at the end of each contract year (for thieMiohg see also Huber, Gatzert, and Schmeiser,
2011). To make the cases of a constant upfrontagtee cost and the annual percentage fee
comparable, the same total annual premium (aneoppiremium, respectively) is assumed to be
paid by the customer as in the case where guarantg are charged separately and in addition
to the savings premium. Thus, in case of upfromings premiums, we set the new upfront
savings premium to be invested in the mutual fund t

upfronta _— pupfront upfron
PS - PS + PG £0

In the case of annual savings premiums, we cakula annual guarantee costs based on the

nnnual

single upfront guarantee coé?gtzo in Equation (3) as
- T-1
PGannuaI = PGT:n(;JaI/ Z e— Elt.
t=0

The adjusted annual savings premium to be investdee mutual fund is then given by

annuala _— annual D annua
pannual = panualy. p annua,

This way, the annual premium payments for the emnbtwith guarantee when subtracting a
percentage fee are the same as when using cogstamaintee premiums (which in contrast to the
former case are not invested in the mutual fundplid in addition to the savings premium, such
that the provider can purchase adequate risk mamageanstruments).



To calculate and calibrate the annual percentagédoiethe guarantee costs, IEﬁ"_” denote the
value of the investment fund for= upfront and annual savings premiums at the drtiex-th

year before subtracting the fee aﬁdf the value of the investment fund after subtractimg
fee, i.e.,

Fo=Fofi-a'),t=1,.T.

Thus, in case of annual premium payments, for m&athe development of the fund is described
analogously to Equation (1) by

tha_nnual,a — ( Ft_alrjruala + Psannuab/) GSS_ - ( Ft_fgnuaﬂl [Ql_a, annu)l+ Ps annual) [_lg ’ F0'+ anngal _ 0,
a )

and analogously for upfront savings. Due to theuahsubtraction of the percentage fee, the fund
value is reduced, which in turn has an impact envidue of the investment guarantee (still fixed
atGr). From the insurer’s perspectivehas to be calibrated such that the value of thenfeeme

) T . . T . .
15" =E° (Za‘ F @*Dj =>a E" DE@( rf'_”), i= upfronf annual saving
t=1 t=1

equals the actual value of the guarantee attime, i.e.,
it = B (& e G - B2,0),

such that

P.“ =147,i =upfront, annua

holds for the calibrated value af(see Huber, Gatzert, and Schmeiser, 2011). In suyrfa
both guarantee cost payment methods (absolute emwdrgage fee), the customer pays the same
total premium. This way, it is ensured that onlg phice presentatiordiffers. Table 1 provides

an overview of the different premium payment methéat savings and guarantee costs that are
compared in the following analysis.
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Table 1 Overview of considered premium payment methods&vings premium and guarantee
costs in case of a mutual fund with or without gunee

Annual saving Upfront saving
Savings Guarantee Savings Guarantee
premium costs premium costs
I | f —
Without guarante pannua 0 pupfront = 0

T-1 |
—r { nnual
2 e"R

t=0

With guaranteGr and constar psannual p(;ft‘zga' Psupfront p(;l:fzfgnt

guarantee costs

» Guarantee costs have to be ppid
att = 0 in addition to the
savings premium and are not
invested in the fund (i.e. used
to purchase risk management

instruments)
With guarante(G_T and annua psannuaw 0, but psupfmﬂw 0, but
percentage fee instead of _ el pamual | pannual — pyiont pupfont | ypftont

constant guarantee cost

» Ensure comparability: assume
that total premium payment is| with
the same as in the case of panual —
constant guarantee costs T

* Increases the savings premiumpatual z g™
(invested in the fund) ' =0

Measuring shortfall risk and performance

To assess the effect of the different premium datmn schemes as laid out in Table 1, the
shortfall probability (defined as the probabilityat the fund value at maturity falls below the
guarantee level) and the performance is calculatbdre the former is defined as

SP = P( F< G) i= upfront annue.

The performance can be assessed based on risk-netodels of the payoff distribution at
maturity, Ly, which depends on whether a guarantee is inclodedt (in the latter case, the final
payoff simply corresponds to the fund value at mtul, = F,i =upfront, annual) as well as
on the premium payment method.
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To analyze the maturity payoft: (the superscripti is omitted in the following for
simplification), we follow Gatzert and Schmeise®@2) and calculate its expected vaIE(aLT)

and standard deviatioor(L; ) under the objective measufe. Furthermore, these figures can be
used for performance measurement by way of a versidhe Sharpe ratio (see Sharpe, 1966),
which relates risk and return and in the followiisgdefined as the difference between the
contract’s expected payofE(LT) and the value of the premium payments compounded t
maturity

BT (= Pi e(Tft))’
divided by the standard deviation of the maturayqif o (L, ):

Sharpe ratiq 1) :E(JT

In addition to the Sharpe ratio, the Omega andSbeino ratio are employed using the same
assumptions. In this case, the relevant risk measare lower partial moments, which belong to
the class of downside-risk measures that desdnibéotver part of a density function. Thus, only
negative deviations are taken into account (seegxample, Fishburn (1977), Sortino and van
der Meer (1991)). The lower partial moment of orklex given as

LPM, (L;, B;) = E(max(B - L.,9").

For decision making, the degree of risk aversianloa controlled by varying the powlerwhere

in general,k = 0, 1, 2 are consistent with maximization of etpd utility for investment
decisions, where an increasing poweén principle represents a higher risk aversiore Tdrm of
utility functions and assumptions that makes asiecibased on the Sharpe ratio, Omega or the
Sortino ratio consistent with the concept of expdattility maximization is discussed in, e.g.,
Fishburn (1977), Sarin and Weber (1993), and Firisned Tibiletti (2008). Foikk = 0, only the
number of shortfall occurrences is counted;kfer 1, all deviations are weighted equally. Hence,
the Omega (see Shadwick and Keating, 2002) an8dh&no measures (see Sortino and van der
Meer, 1991) can be obtained by
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E (max(L, - B ,0)
LPM, (L, B;)

Omegd L )=

E(max( L — B ’Q) _

Sortinoratio( L) = PV (L.B)

Thus, in the following, the Sortino ratio is corsidd as an example for a performance measure
for a more risk-averse decision-maker, followedloy Omega, while the Sharpe ratio represents
results for a less risk-averse customer.

3. NUMERICAL ANALYSIS
Input parameters

The following numerical analysis is intended to\pde insight with respect to central effects of
premium payment methods (regarding savings andagtee costs) of mutual funds on the
terminal payoff distribution and performance frofre tcustomer perspective. Therefore, the
following input parameters were chosen for illustna purposes and were subject to sensitivity
analyses.

The contract duration is set b = 10 years and the annual savings premiun® is 120.
Regarding the evolution of the underlying mutuadduas a starting point, we use estimates as in
Bohnert and Gatzert (2011) that are based on ttertgal performance of two representative
German total return indices from 1988 until 2009eTestimation for a portfolio of stocks is
based on monthly data for the German stock markktxi DAX and results in an expected one-
period returrm = ¢ — 0.55% = 8.00% and a volatilitg = 21.95%. The riskless rate of return is set
to 2.5%. To generate the geometric Brownian motionte-Carlo simulation with 500,000
paths is used. The same set of random number®dsinghe respective analyses. Results were
examined with respect to robustness for differetg sf random numbers.
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The base case

We first consider a portfolio with a 100% investrnenstocks. Results for the terminal payoff
distribution including descriptive statistics anérformance measures are displayed in Table 2
for annual and upfront savings premiums as weltliferent assumptions with respect to the
guarantee costs (see Table 1 for an overview ofpteenium payment schemes). To ensure
comparability, the guarantee lev@l in case of the annual and upfront savings premsim
calibrated to obtain the same guarantee costs diogoto Equation (3) (see also Gatzert and
Schmeiser, 2009). Fo&r = 1,200 in case of annual premiums, which corredpoto the
minimum payment of the sum of savings premiums el the contract, the upfront guarantee
Pannual

cost results inR; 2" =112. To achieve the same cost in case of upfront presiGr must be
calibrated to 950.

This procedure implies that the value of compoungletnium payments at maturiy the same

in all cases with guarantee wiBy = 1,525 (assuming a riskless interest rate asdstabbove).
This also holds true for the case where the gueeatwsts are subtracted by means of an annual
percentage of the fund value at the end of each peaause the savings premium is increased
such that the total annual (and single) premiund pato the contract is the same as in the case
with constant guarantee costs (see Table 1). Ttings,upfront guarantee costs of 112 are
transformed to an annual premium of 13, implyingnew annual savings premium of
120+13=133. In case of upfront savings, the newnpmn amounts to 1,283. This also impacts
the development of the mutual fund, while from thestomer perspective the total premium
payment remains the same in both cases (annuakmiege fee and constant additional
premium).

Table 2 shows thadr is lower in the case of the upfront savings premas compared to the
annual savings (1.00% versus 1.68%), which is dis® to the fact that annual premiums in
principle imply a higher guarantee value as congpaoethe single upfront financing case (see
also Graf, Kling, and Russ (2011)). However, dugh® calibration of the annual and single
upfront premium, the annual percentage fee canebkaoange and be higher in case of the
upfront savings premiums.



Table 2 Terminal payoff distribution of a mutual fund fannual and upfront savings premiums

as well as with or without guarantee in the casgeaimetric Brownian motion

14

Annual savings Upfront savings
Without With With Without With With
guarantee | guarantee | guarantee | guarantee | guarantee | guarantee
(upfront (annual fee) (upfront (annual fee)
Costs) costs)
Savings
premium I% 120 120 133 1,075 1,075 1,283
Guarantee G 0 1,200 1,200 0 950 950
Price of gua-
rantee at t=0
P. anda 0 112 1.68% 0 112 1.00%
Premiums at
time TB 1,380 1,525 1,525 1,380 1,525 1,525
Shortfall
probability
P(L<Gy) 13.96% - - 9.22% - -
E(Ly) 2,223 (3) 2,252 (1) 2,235 (2) 3,044 (3) 3,063 (1) 3,059 (2)
E(Ly) - Br 843 (1) 727 (2) 711 (3) 1,664 (1) 1,538 (2) 1,534 (3)
o(Ly) 1,150 (1) 1,117 (2) 1,090 (3) 2,402 (1) 2,381 (2) 2,378 (3)
Sharpe ratio 0.73 (1) 0.65 (2) 0.65 (2) 0.69 (1) 0.65 (2) 0.65 (2)
Omega 14.36 (1) 11.47 (2) 11.31 (3) 20.02 (1) 16.46 (2) 16.38 (3)
Sortino ratio 5.54 (3) 5.66 (1) 5.56 (2) 7.74 (1) 7.48 (2) 7.46 (3)

Even though thepresentvalue of premium payments is the same for the differgr@mium
payment methods (annual versus single savingstamngpfront guarantee costs versus annual
percentage fee), thgpe of payment scheme certainly has a considerabladtngn the terminal
payoff distribution and performance, both in cabsavings premium and the guarantee costs.

When comparing annual versus upfront savings prasidor instance, the numerical examples
exhibit a considerably higher expected terminalglapy one third (and a standard deviation
twice as high) in the case of upfront savings,h@spgremiums are paid entirely at inception and
can thus be compounded for a longer time with tti@exed risky rate of return, which on

average is higher than the riskless rate (equigynprm). This is consistent with literature on the
(controversially discussed) cost-average effectsavings products (see, e.g., Langer and
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Neuhauser, 2003, pp. 3f) or dollar-cost averagi@@nétantinides, 1979), respectively. In
particular, the annual savings premium scheme esgi lower risk in the sense of the standard
deviation, as it in principle represents a mixadtsgy of risky and riskless investment and thus
clearly differs from the upfront payment scheme piesimplying the same present value.
Overall, in the present setting, the tradeoff betweask and return leads to higher performance
figures for upfront savings except for the Shaxqieor

Table 2 further shows that the expected paffkf;) is higher for the constant guarantee costs
(that are paid in addition to the savings premiumd @re not invested in the mutual fund)
compared to the case of the annual percentagevea, when taking into account the premium
payments, i.eE(Lt) — Br. Furthermore, in the latter case, the expectedfpayinus the premium
value is highest if no guarantee is included ataaitl, at the same time, the volatility is highest,
as guarantees reduce the upside potential, whiteeatame time providing downside protection.

With respect to the performance of the differemduct variants, the ranking generally depends
on the type of performance measure used and otypleeof savings premium payment. While
according to the Sharpe ratio and the Omega, tke wrhout guarantee implies the highest
performance in the present setting despite theehnigblatility and downside risk, the Sortino
ratio, which accounts for downside risk based anlthwer partial moment of order two, ranks
the contractvith guarantee and constant guarantee costs paid itioadat time zero highest in
case of annual savings. However, in case of upfsantngs premiums, all three performance
measures rank best the case without guaranteeg $iec higher expected terminal payoff
outweighs the higher risk associated with the @mt$; which can also be seen by the lower
shortfall probability. The comparison of differemgk-return models thus shows the relevance of
choosing the adequate measure depending on indivyideference$.

* In addition, further analyses regarding the impEdthe underlying model of the mutual fund using tHeston

(1993) model with stochastic variance instead gé@ametric Brownian motion indicate that the modwlice can
play an important role regarding the performance s a possible order of preferences due tordiffefund
and risk-return characteristics. For instance, whi€ing a comparable long-term volatility level ¢f92 for the
Heston model, one can observe an increasing desccghetween the performance of annual and up&avihgs
premiums, as the guarantee level in case of theunppremium must be considerably reduced due Higlaer
default risk as compared to the geometric Browniastion. Under these assumptions and due to therlowe
expected payoff, the performance figures would t@athe same result in all cases, ranking the prodithout
guarantee highest. Hence, while the general resedfarding the relevance of the premium paymenerseh
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Thus, in general, financial performance figures higher if no guarantee is included in the

mutual fund, as these guarantees reduce the upstdatial due to costs. However, at the same
time, guarantees provide protection against dovensgk. Thus, when comparing the cases with
and without guarantee, customers need to decidehwtisk and performance measure best
reflects their risk aversion, as higher risk avarsmay imply a preference for the case with

guarantee as shown in case of the Sortino ratievader, more analysis is needed to obtain a
more comprehensive picture.

The impact of the guarantee level on performance

Hence, we next examine the effect of different gotee levels on the performance of mutual
funds for varying premium payment methods. As eitdibin Figure 1, for fixed given guarantee

levels in all four product variants, the premiumheme has a considerable impact on the
performance of the products, depending on the gteeaevel (which is thus not calibrated to

ensure the same guarantee costs as is done inZjable

In particular, as already seen in Table 2, the dsenrisk appears to have a great impact on the
results. The Sortino ratio is generally increadimghigher guarantee levels, while the other two
performance measures exhibit a decrease. Furtheyithar discrepancy between the performance
figures for the case of constant guarantee coststes annual percentage fee variant increases
substantially for higher guarantee levels for lalee performance measures, especially in the case
of the Sortino ratio, which takes into account ltthveer partial moment of order 2, thus reflecting
a stronger degree of risk aversion, and the Omelgeh at least takes into account the extent of
the shortfall. In particular, the product varianthwconstant guarantee costs implies the highest
performance figures, both for upfront and annualirggs, respectively. However, while the
performance is higher for the upfront savings ptend in most cases when considering the
Omega and the Sortino ratio, this is not the casetlfe Sharpe ratio, which only takes into
account the expected value and standard deviatiotheo terminal payoff distribution, thus
weighting positive and negative deviations aroureddéxpected value equally.

remains, the model choice can have a strong imipadhe preference of a product and should be taktm
account.
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Figure 1. Performance measures for different guaranteedeialpha” refers to the guarantee
costs as a constant annual percentage of the alod)v
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Figure 2: Performance measurement for different contrachde(guarantee levels are adjusted
to ensure comparability, see Table 2) (“alpha” rete the guarantee costs as a constant annual

percentage of the fund value)
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Therefore, the degree of risk aversion as refleatethe three performance measures has an
important impact on the evaluation of a productrese risk averse decision makers using the
Sortino ratio in the assumed manner, for instamight prefer a higher guarantee level and in the
present setting further prefer constant guarantees@s opposed to an annual percentage fee. In
addition, upfront savings feature a more favoratadeoff between downside risk and return, as
the risk of the fund falling below the fixed guatem level is lower than in case of the annual
premiums. Upfront savings are thus generally pretkin the presence of risk aversion (see
Sortino and Omega), which is not the case for datisakers that use the standard deviation as
the relevant risk measure.

The impact of contract term in the case of a genmBtownian motion

Further differences in the performance measuredvearbserved when considering the impact of
the contract term as illustrated in Figure 2. Héhne, guarantee level is adjusted in each case to
ensure comparability as done in Table 2 and is itthereasing for higher contract terms.

While the two performance measures Omega and $adtio, which are based on downside risk
measures and thus reflect higher risk aversionibéxmn increase for higher contract terms, the
Sharpe ratio first shows an increase and then deerevhich can be related to the tradeoff
between the higher expected terminal payoff anchtgker value of premium payments as well

as the standard deviation, which is increasindifgher contract terms. In addition, in case of the
Sharpe ratio, annual savings premiums imply a migleeformance as compared to the upfront
savings, which is exactly the opposite in casenef3ortino ratio and the Omega, where upfront
savings clearly imply better results, which is $amto the results for higher guarantee levels as
exhibited in Figure 1. Furthermore, the differenoereases for higher contract terms in the
considered example. Finally, in contrast to indrepshe guarantee level, the discrepancy
between constant guarantee costs and annual pmyeefée for a given savings premium

payment scheme remains comparably small for batiharand upfront savings.

4.SUMMARY AND DISCUSSION
This paper investigates the performance of a mufuatd with and without investment

guarantees. In contrast to previous literatureudors specifically laid on the impact of the
premium payment method on risk and return regardiegpayoff distribution at maturity for
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otherwise fixed product characteristics, informatiof great relevance to potential customers
having different risk-return preferences. In thalgsis, the case of annual and upfront savings
premiums invested in the mutual fund were compaedvell as the case of constant guarantee
costs that are paid upfront in addition to the sgsipremium and an annual percentage fee that is
annually subtracted from the fund value. To makedtiferent cases comparable, the guarantee
level and savings premiums were first calibratedyidd the same total value of premium
payments at maturity using the risk-free rate fompounding. Results were derived in a
simulation analysis for different guarantee le\aid contract terms.

The findings emphasized that it is not only theardng mutual fund or the type of investment
guarantee that have an impact on the performamntehét the type of premium payment scheme
itself can already have a considerable impact anmtfsiti risk and performance of mutual fund
products for otherwise fixed parameter. In paracuif an investment guarantee is included, the
type of guarantee cost payment also heavily infteerthe terminal payoff distribution. Thus,
even if customers pay the same value of premiuhwes,characteristic of the terminal payoff
distribution differs tremendously. When lookingthé performance figures, the product variants
without guarantees and upfront savings generallylied the highest values in the considered
examples. This is consistent with literature on (tentroversially discussed) cost-average effect
and is due to the fact that in case of upfront puems, a higher expected terminal payoff and
higher standard deviation result from a longer stweent period in the risky asset (thus receiving
the equity premium above the risk-free interes¢)rawhile the annual premium payment scheme
generally represents a mixed strategy of riskyrasidess investment.

However, the analysis also showed that the ran&frifpe product variants strongly depends on
the performance measure chosen and on the degmeskddversion as reflected in the lower

partial moments and risk preferences in generalekample, for increasing guarantee levels, the
Sharpe ratio and Omega exhibited a decrease, WieleSortino ratio, where risk is measured

using the lower partial moment of the second osashet can thus be considered to reflect a higher
degree of risk aversion, showed an increase. Sigilahen increasing the contract term (and the
guarantee level accordingly), the Sortino ratio trelOmega both showed an increase, while the
Sharpe ratio was decreasing. In regard to the prangiayment method, for a given guarantee
level, the annual savings premium (with constarargntee costs) implied better results for the
Sharpe ratio, while the Omega and Sortino ratiogested that upfront savings (with constant

guarantee costs) perform better. Thus, more rigksavdecision-makers that base their decision
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on the Sortino ratio, for instance, may preferghbr guarantee level and upfront savings, along
with constant guarantee costs (instead of an arperakntage fee), if the product characteristics
and the present value of premium payments arewiseequal.

Further aspects to be considered in practice canmests and management fees that often differ
considerably for different products and were thgsored in the present analysis to ensure
comparability and an isolated analysis of the inmpEfcpremium payment methods. In future
research, risk-return profiles should be consideakuhg with a comparison of different life
insurance product types (traditional and innovatowges) with varying premium payment
schemes in order to examine to what extent the ipranpayment scheme alone may already
impact the ranking of different product types.
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